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Getter purified nitrogen carrier gas has become well established for LP-MOVPE in the last three years. With 
green nitrogen bottles (or a liquid nitrogen source) gradually replacing red hydrogen bottles in MOVPE labo- 
ratories, this article highlights the history and development of the new process and demonstrates its suitabil- 
ity for the growth of bulk materials and devices. 
T 
he carrier gas plays an im- 
portant role in metalorganic 
vapour phase epitaxy 
(MOVPE). As the name implies, it 
transports the group III metalor- 
ganic and the group V source com- 
pounds into the heated zone of the 
reactor where decomposition 
processes take place to form the 
desired highly pure materials. The 
gas phase (i.e. the reaction medi- 
um) in which the chemicals partly 
decompose consists of 90-95% car- 
rier gas, making it the main impact 
partner for the source molecules. It 
does not take part in the chemical 
reactions I so that a variety of gas- 
es, preferably chemically inert, can 
be employed. The gas chosen also 
determines the physical character- 
istics of the vapour phase. 
Choice of gas 
MOVPE's pioneers started by us- 
ing hydrogen as the carrier gas. 
This was mainly because at the 
time it was the only inexpensive 
gas that could be purified both ad- 
equately and easily. Purification 
was carried out with a palladium 
(Pd) diffusion cell. However, the 
high thermal conductivity of hy- 
drogen lets the reactor parts sur- 
rounding the substrate heat up, so 
that deposition not only occurs 
on the substrate but also on the 
reactor walls and upstream of the 
sample leading to inhomogeneous 
layers.A further drawback is its re- 
activity that makes stringent safe- 
ty precautions necessary. Also, 
many transition metalorganic 
compounds used for doping react 
with hydrogen, with the resulting 
bare metals formed in the inlet 
tubes before the compounds have 
a chance to get to the reactor. All 
these disadvantages reduce the 
cost efficiency of the growth 
process considerably. 
Considering these factors it is 
clear than an inert and inexpen- 
sive carrier gas, such as nitrogen, 
with a lower thermal conductivity 
is desirable for MOVPE. The prob- 
lem with employing nitrogen as 
the carrier gas has been the lack 
of purification equipment. Since 
the beginning of the 1990s, how- 
ever, a purification technique 2 has 
become commercially available 
(SAES Getters MonoTorr TM purifi- 
er), which exploits the non-evap- 
orable getter (NEG) technology. 
This technology has been widely 
used for many years to remove 
residual gases in ultra high vacu- 
um equipment. The demanding 
gas purity requirements for high- 
yield IC fabrication necessitated 
the development of getter puri- 
fiers to remove trace impurities in 
bulk gases for flows from sccm to 
tens of Nm3.h 1. All typical gas 
contaminants, uch as 02, H20, 
CO, CO2, H2, CnH m (in nitrogen) 
and N 2 (in the other gases), are re- 
moved by irreversible chemical 
reactions on the getter surface. 
Specific metallic alloy getter mate- 
rials were also developed for the 
purification of different process 
gases such as ASH3, PH3, NH 3 
and Sill43. The oxide/carbide/ 
hydride layer formed on the getter 
surface passivates it at room tem- 
perature, so that only 1% of the 
bulk getter capacity is utilized. 
The capacity of the purifier was 
increased significantly by heating 
the getter column, typically to 
300-400°C. The impurities then 
overcome the diffusion barrier 
and continually diffuse into the 
bulk resulting in a constant clean- 
ing of the getter surface. 
The purification efficiency of 
the SAES Getters MonoTorr puri- 
fiers can be verified by means of at- 
mospheric pressure ionization 
mass spectroscopy (APIMS).This is 
a method that allows analysis in 
the parts per trillion range and has 
been demonstrated for nitrogen 
under different impurities and im- 
purity concentrations 2. The gas 
quality at the outlet is independent 
of inlet impurity concentration 
and flow rate and also of inlet 
pressure (in the range from atmos- 
pheric pressure to several bar). 
Additionally, the formation of the 
oxide/carbide/hydride compounds 
changes the resistivity of the getter 
material. Therefore, the exhaustion 
level can be detected by simple re- 
sistivity measurements. End point 
detection is a clear advantage of 
the metallic alloy purification 
method. Recent studies using get- 
ter-purified hydrogen have proven 
that the optoelectronic properties 
of the manufactured devices are 
comparable to those of devices 
made using a Pd diffusion cell 4. In 
other words, getter hydrogen puri- 
fiers produce gas with sufficient 
purity for MOVPE application. 
A primary advantage of the 
technology is that only a low inlet 
gas pressure is necessary, since the 
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Figure 1. Calculated temperature distribution in an AIXTRON AIX 200/4 reactor with gas foil 
rotation at 700°C, 100 mbar reactor pressure and 15 slm for top) H 2 and bottom) N2as the 
carrier gas 7. For visualization, a grid was put over the susceptor and the reactor is presented 
partly open (the ceiling and one sidewall are missing). The temperature distribution towards 
the reactor ceiling is shown only along the imaginary grid lines. 
pressure drop across the getter pu- 
rifier is negligible. Further, there 
are no uncertainties in the efficien- 
cy of the purifier as there are, for 
example, in a Pd-cell in which pin- 
holes can form undetected in the 
Pd-foil. 
Getter technology helps to in- 
crease the reproducibility of the 
gas quality. However, due to its 
properties, nitrogen instead of hy- 
drogen is becoming the prime 
choice for the MOVPE carrier gas 
with respect to the fabrication 
of electronic and optoelectronic 
devices. 
Bulk material growth 
Since the beginning of the 1990s, 
the Research Center Jiilich in 
Germany has systematically stud- 
ied the suitability of nitrogen as a 
carrier gas for the deposition of 
GaAs- and InP-based bulk materi- 
als. Previously in III-Vs Review 
(No. 3, 1995, p.34), we have report- 
ed that growth of bulk layers in a 
high purity nitrogen atmosphere 
leads to layers at least comparable, 
if not superior, in quality in terms 
of their structural, electrical and 
optical characteristics.Additionally, 
a reduction of the group V-hydride 
consumption is attained because 
of their better decomposition i  
the heavier gas. A reduction of hy- 
dride consumption is not only an 
economic consideration, but also 
an environmental issue since waste 
formation, and therefore disposal, 
are reduced. 
The advantages of nitrogen 
over hydrogen are best shown 
when AIGaAs is deposited using 
both growth processes. AIGaAs is 
highly reactive towards oxygen 
and water vapour, putting all the 
gases, especially the carrier gas, to 
the test. Additionally, the reduc- 
tion of carbon and oxygen impuri- 
ty content in M-containing 
materials is one of the areas 
where MOVPE most needs im- 
provement. It has been shown 5 
that the optical quality of the lay- 
ers improves greatly if nitrogen is 
used. The higher purity of the lay- 
ers prepared in nitrogen was as- 
sumed to be caused by a larger 
amount of atomic hydrogen in the 
new growth process (hydrogen is 
known to be a carbon and oxygen 
scavenger). Since atomic hydro- 
gen originates from the group V 
hydride, it was assumed that the 
decomposition of the group V hy- 
dride is more efficient in a nitro- 
gen atmosphere. This has recently 
been proven by reflective 
anisotropy spectroscopy (RAS) 
studies in situ under growth con- 
ditions in an MOVPE reactor 6.
Besides the increase in layer 
quality, the improved homogeneity 
of layers grown in nitrogen is es- 
sential for process efficiency, espe- 
cially for small-scale production. 
The higher uniformity of the layers 
with nitrogen as the carrier gas has 
been demonstrated in the past for 
a number of materials 5.For exam- 
ple, a near perfect wavelength o- 
mogeneity (with a standard 
deviation of +0.23 nm on a full 2- 
inch wafer in a single wafer reactor 
(AIX 200, AIXTRON)) was found 
for bulk GaInP, a material for which 
the band gap depends trongly on 
growth temperature due to order- 
ing effects. 
Recent calculations 7 carried 
out at the Institute of Fluid 
Dynamics (LSTM) at Germany's 
University of Erlangen on a com- 
mercial reactor (AIX 200/4, AIX- 
TRON0 using both nitrogen and 
hydrogen ambients demonstrate 
that there are large differences in 
the temperature distribution for 
both carrier gases. Figures la and 
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Figure 2. Cut-off frequency fT as a function of gate length for GalnAs/InP AI-free HEMTs. The 
device structures were deposited by the H 2 [20] and N 2 [ l O] carrier gas MOVPE process. 
lb  show that for nitrogen the reac- 
tor side walls and ceiling stay up to 
200 K cooler than for hydrogen. 
The temperature gradients are 
steeper, which means the gas 
phase reactions will take place 
closer to the substrate surface. Pre- 
and sidewall deposition are sup- 
pressed. The homogeneity of the 
layers is, therefore, increased. 
High f devices 
reactivity towards oxygen, making 
passivation a necessity and its 
long-term stability (reliability) 
questionable. Additionally, since 
DX-levels are formed, excessive 
doping becomes inevitable. To en- 
hance the relatively low Schottky 
There are two major types of III-V 
high frequency devices: the high 
electron mobility transistors 
(HEMTs), which are employed in 
low noise receivers and amplifiers, 
and the heterobipolar transistors 
(HBTs) for high power  applica- 
tions, such as cellular phones. From 
the growers' point of view, the less 
critical device is the HEMT where, 
besides exact control of doping 
and obtaining sharp iheterointer- 
faces, no major problems are usual- 
ly encountered. 
In Jtilich, growth of device 
structures on InP was developed 
using our new growth process 
with nitrogen carrier gas in the 
GaInAs/InP material system 8. The 
device concept  is based on the 
employment  of aluminium-free al- 
loys 9. A1 is avoided because of its 
barrier of 0.5-0.6 eV on InP, Zn- 
doped InP was employed. In this 
material system, a cut-off frequen- 
cy of 160 GHz was obtained for a 
device with a 100 nm gate 
length 9. Figure 21° presents a 
comparison of the cut-off requen- 
cies as a function of gate length 
for both hydrogen and nitrogen 
carrier gases. As can be seen, the 
device characteristics are at least 
comparable to those of the stan- 
dard growth process. 
Growth of HBT structures is 
more difficult. A highly doped 
base layer with nearly metallic 
conductivity is a prerequisite for 
excel lent device characteristics. 
More advanced device concepts  
employ GaInP/GaAs heterostruc- 
tures instead of  the AIGaAs/GaAs 
material system, since a larger va- 
lence band offset can be achieved 
resulting in superior device per- 
formance. The out-diffusion of ac- 
ceptor  atoms from the base into 
the emitter can be avoided, if car- 
bon is used as the dopant. In the 
past, a number  of groups 1 ]-13 have 
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Figure 3. Thickness distribution of GalnAsP (epilayer thickness approximately 1pm) across a 
2-inch wafer for H2and N2as the carrier gas IF. The wafer was rotated during growth. The 
thickness of the nitrogen deposited sample is much more uniform than for the hydrogen, 
which can be seen by the smaller curvature of the profile. 
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Figure 4. Room temperature photoluminescence wavelength distribution of GalnAsP 
(intentional ,~g = 1060 nm) grown under hydrogen (left half) and nitrogen (right half) 
as the carrier gases 17. Wavelength contour lines are drawn with a distance of 2 nm. The 
about 1.5 lower density of lines toward the rim of the wafer for nitrogen indicate the improved 
wavelength uniformity for the new growth process. 
shown that highly carbon doped 
GaAs or GaInAs layers (as used in 
the base layer) with extremely 
low resistivity can be prepared us- 
ing MOVPE and nitrogen as 
the carrier gas. Furthermore, pas- 
sivation effects due to the incor- 
poration of hydrogen were 
suppressed, if the device struc- 
tures were annealed in situ direct- 
ly after growth using the nitrogen 
atmosphere as the ambient TM 14 
Recently it has been demonstrat- 
ed that the growth of such ad- 
vanced structures with nitrogen 
as the carrier gas leads to state-of- 
the-art device performance ]3.For 
these devices high base doping of 
4xlO 19 cm -3 was accomplished in
the base layer with carbon. The 
base sheet resistance was as low 
as 150 ~/sq. Also excellent device 
characteristics were achieved: a 
peak fT of 45 GHz and a peak fmax 
of 120 GHz were obtained. These 
values are comparable to those of 
HBTs deposited with hydrogen 
carrier gas 13. Additionally, using 
TBAs andTBP instead of the group 
V hydrides enhanced the safety of 
the deposition process. All in all, 
the suitability of the carrier gas 
nitrogen for state-of-the-art high 
frequency devices has been 
demonstrated. 
Opto devices 
Optoelectronic devices are the 
most important application field 
of III-V semiconductors with con- 
siderable research already under- 
taken to develop devices for fast 
data transmittance via optical fi- 
bre communication. Here nitro- 
gen might supersede hydrogen as 
the carrier gas for the MOVPE of 
the employed materials because 
of the superior layer uniformity 
obtained - a prerequisite for the 
fabrication of large area devices. 
Its use has been reported for the 
growth of metal semiconductor 
metal (MSM) photodetectors 
(PDs), in which a two-dimension- 
al electron gas (2DEG) is 
introduced into the structure 
with quasi-metallic onductivity 
to optimize the optoelectronic 
behaviour 15. 
It is important in optical fibre 
technology that the photodetector 
works in the 1.3 or 1.55 vim range 
(the absorption minima of the opti- 
cal fibre). GaInAs is best suited to 
this wavelength range. For pho- 
todetectors in general, a compro- 
mise has to be made between high 
responsivity and broad band- 
widths, which are obtained with 
large and small absorption layer 
thicknesses, respectively.The prod- 
uct of bandwidth and responsivity 
therefore best describes the device 
characteristics. 
Additionally, for transmitting 
data with a bit rate larger than 
10 Gbits l ,  it would be cheaper if 
the detector and the amplifier 
were integrated in one chip, espe- 
cially when larger numbers of de- 
vices are produced. One possible 
device concept, which was devel- 
oped in Jiilich 15, is the MSM-2- 
DEG GaInAs/InP PD, in which a 
HEMT is integrated in the same 
layer system as the PD. A value for 
the product mentioned above of 
5.8 A/W x GHz 16 was obtained 
with material grown with the 
new growth process, the highest 
value reported up to now to our 
knowledge. 
Furthermore, stable single 
mode lasers with low linewidths 
are required for advanced optical 
communication systems, especial- 
ly when wavelength division mul- 
tiplexing (WDM) technology is 
employed. Laser arrays with pre- 
cise wavelengths and low thresh- 
hold current are needed for 
high-density WDM systems. 
Besides highly accurate device 
processing, the homogeneity of 
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the deposited laser structure and 
the material quality are crucial for 
the specifications to be fulfilled. 
Here, the new growth process has 
its advantages. Roehle and co- 
workers iv demonstrated that the 
uniformity of bulk GaInAsP thick- 
ness and wavelength is greatly en- 
hanced, as shown in Figures 3 and 
4. Bulk 1.55 om GaInAsP lasers, in 
which the active layer was embed- 
ded in 1.3 Sam GaInAsP layers 
capped with Zn-doped InP and 
GaInAs, exhibited ~7 an extrapolat- 
ed threshold current density of 
0.7 kA.cm -2 This value was identi- 
cal for both carrier gases.The den- 
sity distribution was, however, 
greatly improved for nitrogen as 
the carrier gas. When multiple 
quantum well (MQW) laser struc- 
tures are grown, both the wave- 
length and the thickness 
uniformity of the respective layers 
even superimpose for their wave- 
length uniformity. 
The potential of the new 
growth process has been demon- 
strated for unstrained GaInAs/ 
GaInAsP (~Lg -- 1.25 Sam) 17, as well 
as recently also for 1.55 sam strain- 
compensated GaInAsP MQW struc- 
tures 18. For example, the wave- 
length variation was reduced from 
20.5 to 2.0 nm for the GaInAsP 
MQWs and the standard wave- 
length deviation reduced from 5.1 
to 0.55 - this is by a factor of about 
10! The complete device results 
are excellent and were described 
in detail at the recent IPRM confer- 
ence in Japan 19. For example, a 
drastic reduction of the threshhold 
current from 5-10 mA down to 2 
iliA is obtained for different distrib- 
uted feedback (DFB) lasers. High 
output power (40 mW) and ex- 
tremely uniform device character- 
istics are additionally observed. 
These characteristics create a 
strong possibility for wide applica- 
tion of these lasers without ther- 
moelectric oolers. The suitability 
of nitrogen for small-scale produc- 
tion of electronic and optoelec- 
tronic devices has clearly been 
demonstrated. 
Outlook 
The importance of nitrogen will 
become even greater when its 
use is extended from the deposi- 
tion of conventional III-V device 
structures to the large-scale pro- 
duction of LEDs. Indeed, it will be 
a necessity for the deposition of 
nitrides, due to its low thermal 
conductivity. 
It should be possible to carry 
out the nitride growth process at 
lower temperatures due to the 
more complete decomposition of 
the ammonia used. This is helpful, 
since nitrides tend to desorb nitro- 
gen and indium at the high deposi- 
tion temperatures used at the 
moment. Additionally the lower 
thermal conductivity will enable a 
more uniform temperature distrib- 
ution especially, in comparison to 
the conventional III-Vs, at a rela- 
tively high deposition tempera- 
ture. Shortly, nitrogen carrier gas 
will advance into high volume 
MOVPE processes. 
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